INTRODUCTION
As a largest exported oil palm in the world, Indonesia has about 10.1333 and about 10.5865 million Ha plantation in 2012 and 2013 respectively (Badan Pusat Statistik, 2015) . Palm oil tree has many agriculture waste such as empty fruit bunch (EFB), palm pressed fibre (PPF), oil palm trunk (OPT), oil palm (shell) and oil palm frond (OPF). Every Ha of plantation area result about 10.88 tons oil palm frond every year that mean about 302055.6274 and 315564.7123 tons oil palm frond waste every day in 2012 and 2013 respectively (Kelly-Yong et al., 2011) . This waste usually is abandoned or burned in plantation area due to the difficulty of transportation. Oil palm frond is a biomass that containing high holocellulose concentration so that can be utilized as cellulose source in pulp and paper industry (Zainuddin et al., 2011; Hussin et al., 2014) , bioethanol (Goh et al., 2010; Ofori-Boateng& Lee, 2014) , forage (Rahman et al., 2011) and bio-plastic (Zahari et al., 2015) . Oil palm frond contains water content almost 70% wet based (Mohideen et al., 2011) . For pulp and paper industry, water content of feed material influents significantly to the properties of final product because high water content can invite the microorganism such as brown rot fungi that decreasing the mechanical properties by consuming the cellulose. The other hand, low water content increase the chromophore formed from polyphenolic compound (Ressel, 2006; Singh & Singh, 2014) . High chromophore cause high bleaching need. Thus, the drying step of feed materials is important step that determine the final product quality, cost effectiveness and environmental aspect.
Several researchers have been investigated the drying technologies to control water content of oil palm frond. Fudholi et al. (2015) observed the drying mechanism of OPF using solar assisted drying. Solar energy was used to heat air. Heated air then was sprayed to the chopped oil palm frond. Drying time was 22 hours (more than one day because one day 8 hours solar drying). Water content decreased from 60% to 10%. Mohideen et al. (2011) used swirling fluidized bed dryer to dry stem and leaves of OPF. The experimental result exhibited that stem and leaves could not be fluidized together due to difference hydrodynamic characteristic. Puspasari et al. (2012) used fluidized bed drying using heated air. OPF chopped to form noodle like form and hot air sprayed from the bottom of fluidized tank. Several drying model were fitted to the experimental result. However, the drying characteristic in batch drying method has not investigated. This paper observed moisture content, shrinkage and drying kinetics of OPF with different temperatures in batch oven drying. Several drying models were tested. The drying kinetic coefficient of drying models was calculated to find the drying kinetics model.
EXPERIMENTAL
OPF was collected from plantation around ITSB campus Cikarang, Indonesia then isolated with plastic wrap to keep the moisture content is not change while transportation. The chemical content of plant diverse depend on age, species, plant parts and usually chemical content of plant reported in range. OPF composed of stem and leave that have difference moisture content. Mohideenet. al. (2011) suggested that the stem and the leave have to dry in different reactor because they have difference initial moisture content and geometry. The diffusion depth of leaves smaller than stem so that the moisture loose faster. In this experiment, oil palm frond stem was used. The stem then chopped then dried using domestic batch oven (Kirin, China, Model KBO-90 M 9 L) at 50, 80 and 120 °C as shown in Fig 1. Moisture content then measured periodically every 30 minutes by weighting the OPF sample using digital weighing balance (OHAUS-Adveturer, NJ, USA) of accuracy 0.0001 g.
The experimental results were fitted with theoretical model shown in Table 1 . where, is normalized moisture content defined as.
is time, , , and σ are free parameters regard to each equation model. , and 0 are moisture content in dry based (g water/g dry mass), equilibrium moisture content and initial moisture content, respectively. Free parameters were tried using Microsoft Excel using SOLVER tool by minimizing the residual mean square sum (RMSS) and calculated using Eqs. 
where , � , and are experimental moisture, calculation moisture, number of data and number of drying parameter each model respectively. The shrinkage percentage was calculated based on the following equation
with , and are shrinkage percentage, present size and initial size respectively. The size of oil palm frond was measured by Image MIF free software using two dimensional image (Rahaman, 2003) . Fig. 2 and 3 show the photograph of oil palm frond for several drying condition. The surface of oil palm frond is crumpled 30 minutes after drying although the equilibrium moisture content is still far to be reach. This phenomenon indicates that the diffusivity of water inside the porous of oil palm frond and between cellulose fiber is much slower than the mass transfer of water in the interface to the bulk atmosphere. From the figure, oil palm frond undergo shrinkage several minutes after drying depend on drying condition. Shrinkage in the radial direction more significant than in the longitudinal direction as shown in Fig 4a. The percentage of decrease to about 65% in radial direction and almost constant in longitudinal direction. While the drying occurred, the water inside the porous in a pipe form, diffuse in the longitudinal direction that cause decreasing of inside pressure. This mechanism is shown in Fig. 4b . The result agree with Mohideen et al. (2011) that drying mechanism of stem oil palm frond controlled by diffusion. The decreasing pressure cause collapse the porous and shrinkage will be occurred. The increasing size after drying to higher than initial size more caused by human error calculation when measurement of oil palm frond. Several shrinkage phenomena found in organic material such as grape (Azzouz et. al., 2002) and potatoes (Bacelos and Almeida, 2011, Hassini et. al, 2007) .
RESULT AND DISCUSSION
Drying rate is tightly related to the moisture content of materials and can be represented by moisture content change. Kemp et. al. (2001) said that the drying rate of the material can be obtained by dividing the difference of weight of two point along the time interval. However, for periodic sampling and weighing give a few data point and not good enough to result the good drying curve (curve is not shown). Fig.5a exhibits the change of moisture content every 30 minutes. The experimental results reveal that the temperature of drying shows the significant effect to the drying rate. Higher temperature will cause lower humidity. Lower humidity that mean lower water concentration in the surrounding air will enhance the driving force of drying rate. In addition, higher temperature just not influence the humidity of surrounding air but also increase the density difference of surrounding air so that increase the convective drying. The moisture content is about 337 % dry based or 77% wet based agrees with previous investigation done by Mohideen et. al. (2011) . Table  2 . Page model also reported shown best fitting result for several agriculture drying such as chestnuts (Correia et. al., 2013) , soybeans (Mariani et. al., 2015) for several difference drying system. MQSM was used by Kudra and Efremov (2003) to model the drying kinetic of celery, wheat, cranberry and polystyrene. High index n in MQSM model reveals that the drying mechanism internally controlled mass transfer (diffusion) as discussed before. In MQSM model is based on mass transfer in solid bulk in the diffusivity given by effective diffusivity resulting semi theoretical model. The parameter for every equation is shown in Table 3 . The drying kinetic coefficient of 
